Introduction {#S0001}
============

Induction of labor (IOL) is the artificial stimulation of uterine contractions aiming to start labor. It can be performed by administering medications or rupturing the amniotic membranes.[@CIT0001] IOL is associated with increased risks for operative deliveries, tachysystole, cord prolapse, uterine rupture, chorioamnionitis, and obstetric anal sphincter injuries.[@CIT0002] Therefore, the World Health Organization (WHO) has recently emphasized that induction of labor should be only used with clear medical indications and only to improve pregnancy outcomes.[@CIT0001] However, IOL continues to be one of the most frequently used peripartum interventions with a prevalence exceeding 20% in many countries.[@CIT0003],[@CIT0004]

There is high-level evidence demonstrating the benefits of IOL for post-maturity and suggesting that, when performed after 41 weeks, IOL does not seem to be associated with an increased risk for cesarean delivery.[@CIT0001],[@CIT0002],[@CIT0005],[@CIT0006] Moreover, there is consensus regarding pre-labor rupture of membranes (PROM)[@CIT0001],[@CIT0002],[@CIT0005] and intrauterine fetal growth restriction as evidence-based indications for induction of labor.[@CIT0001],[@CIT0002],[@CIT0005] Although not supported by the same evidence level, several professional organizations consider hypertensive disorders, diabetes mellitus, cardiac diseases, oligohydramnios, fetal death, chorioamnionitis, multiple pregnancies, and vaginal bleeding as recommended indications for induction of labor before or at term.[@CIT0002],[@CIT0007],[@CIT0008] However, a significant number of inductions seem to be undertaken without medical indication. Indeed, reports from the US showed more than 15% of all induced births had no medical indication.[@CIT0009],[@CIT0010] A recent randomized trial involving nulliparous healthy low-risk women reported that, although IOL at 39 weeks did not improve the primary outcome of death or serious complications for babies, it was linked with lower cesarean section rates among IOL group compared to expectant management group and prolonged hospital stay in labor.[@CIT0011]

Pharmacological methods used for induction of labor and supported by high-level evidence include oxytocin (syntocinon), dinoprostone (prostin E2), and Misoprostol (Cytotec).[@CIT0001],[@CIT0012] While mechanical methods (for example, amniotomy, cervical balloons, and membrane sweeping) are of moderate quality of evidence, nevertheless, strongly recommended.[@CIT0001],[@CIT0012] In practice, often a combination of two or more methods are used.[@CIT0012]

Non-evidence-based interventions in maternity care may add unnecessary cost to the health-care system, compromise quality, and may increase risk of morbidity among women and newborns during childbirth.[@CIT0013] We previously reported that many practices and interventions used during childbirth in Palestine were not consistent with the best available evidence.[@CIT0014] In a hospital-based study of 1209 women, we showed that induction of labor was common among nulliparous women, about half of inductions occurred before reaching 40 weeks of gestation and about a quarter of these women suffered morbidities such as hemorrhage and two women were identified as near-miss.[@CIT0014] In Palestine, national IOL guidelines have been available since 2006 and were updated in 2016.[@CIT0015] The aim of this study was to explore rates of singleton IOL and review induction practices for singleton pregnancies in Palestinian government hospitals.

Materials And Methods {#S0002}
=====================

Study Design And Settings {#S0002-S2001}
-------------------------

An observational, prospective, population-based birth cohort study in the maternity units of six governmental hospitals located in the West Bank and Gaza regions of Palestine was conducted between March 2015 and February 2016. Most deliveries in Palestine occur in governmental hospitals; 27 hospitals with a total capacity of 3384 beds.[@CIT0016] In this study, the hospitals were selected based on their high workload and geographical location and, in 2015, had 47,046 live births constituting 62.1% of the total live births in Palestine for that year.[@CIT0017] Physicians decide on interventions during labor and delivery such as IOL. Midwives assist low-risk women to give birth and provide all necessary aspects of care for high-risk women in labor wards. The cesarean section rate in the participating hospitals ranged from 15.6% to 35.8% in the West Bank hospitals[@CIT0016] and 13.6% to 16% in Gaza hospitals.[@CIT0017] Five of the six included hospitals are tertiary referral centers and teaching maternity units which we previously described.[@CIT0018]

Study Population {#S0002-S2002}
----------------

The target study population comprised all singleton IOLs undertaken in participating units during the study period. To identify this population, we used a stepwise selection process where we first excluded multiple pregnancies, women admitted for planned cesarean section, and women admitted to labor ward in active spontaneous labor (cervix \> 6cm dilated).[@CIT0019] During the study period, 35,109 women gave birth in the 6 participating units. Following exclusion of multiple pregnancies (n=1004) and women scheduled for a planned cesarean section (n=703), there were a total of 33,402 women (12,213 in the West Bank pregnancies and 21,189 pregnancies in Gaza) singleton births that went into spontaneous labor or had an IOL ([Figure 1](#F0001){ref-type="fig"}). For the cohort of singleton pregnancies who gave birth during the study period and were admitted to the labor ward with a cervix \<6cms dilated, the maternal intrapartum registration forms were used to exclude women who were admitted in early labor, latent phase or had labor augmentation. Once our target population was identified, the cohort was stratified into different Nippita groups based on parity and gestational age at the time of induction.[@CIT0020] Data are presented by unit and region.Figure 1Study flowchart.

Data Collection {#S0002-S2003}
---------------

Data were collected as part of system developed for the Palestinian Perineum and Birth Complications Study.[@CIT0018] Data on maternal intrapartum care were collected prospectively from bespoke case registration forms completed by the attending midwife or physician. Women were asked about aspects of their antenatal care that were missing from their records. Data were then entered into web-based District Health Information Software 2 (dhis2), and were transferred from dhis2 to be stored on a special platform "Tjeneste for Sensitive Data" (TSD) at the University of Oslo; a platform developed to store and share sensitive data compliant with Norwegian regulations for individuals' privacy. Data management and quality assurance were described in our previous publication.[@CIT0018]

Variables {#S0002-S2004}
---------

Parity was recoded in one of two categories (0=Nulliparous, ≥1=Multiparous) while previous cesarean section and pregnancy complications were dichotomized into yes/no.

Options for the reason to attend labor ward were "contractions", "rupture of membranes", "abdominal pain", and "vaginal bleeding". Cervical dilation on admission was recoded into one of the two categories; 0--5 cm and 6--10. Gestational age was based on the last menstrual period and was recoded in one of the four categories; \<36, 37--38, 39--40, and ≥41 weeks. Other variables collected included: onset of labor ("spontaneous" or "labor induction"); indication for induction of labor ("reduced fetal movement", "hypertensive disorder", "fetal growth restriction", "PROM", "post term pregnancy", "diabetes", and "large baby"); and method of induction ("balloon catheter", "amniotomy", "Misoprostol", "Prostin E2", and "Oxytocin"). The main outcomes of interest for this study were IOL rates and practices amongst singleton pregnancies in the different participating units and regions.

Statistical Analysis {#S0002-S2005}
--------------------

Data were analyzed using IBM Statistical Package for Social Sciences (SPSS) (version 24.0). Descriptive analysis was used to present induction rates by participating unit and region. The Nippita classification system was used to categorize IOLs. Unlike previous ad hoc methods of stratification, the Nippita classification system is a robust a standardized tool to review inductions that takes into consideration parity, gestational age, number of fetuses, fetal presentation, and previous uterine scars.[@CIT0020] Pearson's Chi-square test was used to compare the differences between units and regions. Statistical significance was defined as p\<0.05.

Results {#S0003}
=======

The total number of singleton births in the study period were 33,402 women; of these, 8290 (excluding cases with dilation \>6cm) were admitted for IOL giving an overall IOL rate of 24.8% (45.6% in the WB and 12.9% in Gaza; OR=5.67, 95% CI 5.37--5.98, p\<0.0001). The Singleton pregnancy IOL rates by unit and region are presented in [Table 1](#T0001){ref-type="table"}.Table 1Singleton Pregnancy Induction Of Labor Rates By Unit And Region (n=8290)Regions and unitsWest Bank HospitalsGaza Hospitals123Total456TotalTotal singleton Births56293711287312,21311,2135150482621,189Total singleton inductions32072063296556616877442932724Rate of singleton inductions57.0%55.6%10.3%45.6%15.0%14.4%6.1%12.9%

Complete information required for the Nippita's categorization was available for 8201 IOLs, which are presented among participating units for both regions in [Table 2](#T0002){ref-type="table"}. In both regions, the highest contributing group to inductions was Nippita group G5 (multiparous women at 39--40 weeks' gestation and with no previous cesarean sections), which represented 31.2% and 27.3% of the inductions in the West Bank and Gaza, respectively. The majority of women (68.5% in the WB and 63% in Gaza) were induced at or before 40 weeks' gestation. Several of these were undertaken at ≤38 weeks where Nippita groups G1, G4, and G7 represented 23.7% and 21.3% of the IOLs in the WB and Gaza, respectively. Additionally, variations were noted between different hospitals in the same region with regards to the contribution of the different Nippita groups to the total number of IOLs such as variations between groups 1, 2, 3, 4, 6, and 8 among the West Bank hospitals, and groups 2, 3, 5, and 8 among Gaza hospitals ([Table 2](#T0002){ref-type="table"}). The ranking order of the different Nippita induction groups in both regions is presented in [Table 3](#T0003){ref-type="table"}.Table 2Labor Inductions Among Singleton Pregnancies According To Nippita Groups By Unit And Region (n=8201)Regions And UnitsWest Bank HospitalsGaza Hospitals123Total123TotalTotal Singleton Inductions^b^32022058278553816417362862663Nippita induction groups -- n (%)^a^G1: Nulliparous, 37--38 weeks gestation, singleton cephalic fetus148 (4.6)166 (8.1)15 (5.3)329 (5.9)94 (5.7)41 (5.6)13 (4.5)148 (5.6)G2: Nulliparous, 39--40 weeks gestation, singleton cephalic fetus376 (11.7)343 (16.7)38 (13.6)757 (13.7)215 (13.2)130 (17.6)37 (12.9)382 (14.4)G3: Nulliparous, ≥41 weeks gestation, singleton cephalic fetus177 (5.5)111 (5.4)40 (14.4)328 (5.9)189 (11.5)55 (7.5)12 (4.2)256 (9.6)G4: Multiparous, no previous CS, 37--38 weeks gestation, singleton cephalic fetus388 (12.1)276 (13.4)22 (7.8)686 (12.4)190 (11.6)76 (10.3)26 (9.2)292 (10.9)G5: Multiparous, no previous CS, 39--40 weeks gestation, singleton cephalic fetus1018 (31.8)652 (31.7)56 (20.4)1726 (31.2)380 (23.1)231 (31.3)116 (40.6)727 (27.3)G6: Multiparous, no previous CS, ≥41 weeks gestation, singleton cephalic fetus524 (16.4)274 (13.3)92 (33.1)890 (16.1)422 (25.7)150 (20.3)59 (20.6)631 (23.6)G7: No previous CS, ≤36 weeks, singleton cephalic fetus170 (5.3)112 (5.4)14 (5.0)296 (5.3)88 (5.4)30 (4.3)9 (3.2)127 (4.8)G8: Previous CS, singleton cephalic fetus356 (11.2)119 (5.8)1 (0.4)476 (8.6)48 (2.9)22 (3.0)13 (4.5)83 (3.2)G9: Singleton, non-cephalic fetus45 (1.4)5 (0.2)050 (0.9)15 (0.9)1 (0.1)1 (0.3)17 (0.6)[^1] Table 3Labor Induction In The Studies Cohort Ranked By Nippita Group FrequencyRankingNippita Groups^a^%1G5: Multiparous, no previous CS, 39--40 weeks gestation, singleton cephalic fetus29.92G6: Multiparous, no previous CS, ≥41 weeks gestation, singleton cephalic fetus18.53G2: Nulliparous, 39--40 weeks gestation, singleton cephalic fetus13.94G4: Multiparous, no previous CS, 37--38 weeks gestation, singleton cephalic fetus11.95G3: Nulliparous, ≥41 weeks gestation, singleton cephalic fetus7.26G8: Previous CS, singleton cephalic fetus6.87G1: Nulliparous, 37--38 weeks gestation, singleton cephalic fetus5.88G7: No previous CS, ≤36 weeks, singleton cephalic fetus5.29G9: Singleton, non-cephalic fetus0.8[^2]

Information relating to indications of induction of labor was missing for 5595 of the 8290 (67.5%) women. For the 2695 pregnancies where the information about indication for induction was recorded, the most frequently recorded indication was post-term pregnancy in 1296 (48.1%) followed by premature rupture of membranes in 866 (32.1) pregnancies. With regards to methods used for cervical ripening, a cumulative total of 9130 methods of IOL were used in the study cohort (as more than one method was sometimes used for the same woman). These methods included amniotomy (4681; 51.3%), Prostin E2 (3028; 33.2%), oxytocin (716; 7.8%), misoprostol (341; 3.7%), and balloon catheter (364; 4.1%). The rates of relevant maternal and fetal outcomes in women who had IOL compared to spontaneous labor are presented in [Table 4](#T0004){ref-type="table"}. The outcomes show that 6.5% of the women gave birth by emergency cesarean section due to obstructed labor after IOL. A quarter of women (24.7%) underwent IOL spent a duration more than 7 hrs for the first stage of labor compared to 16.5% of those recorded to be admitted in spontaneous labor. Additionally, the risk of fetal distress at 5 and 10 mins and meconium-stained amniotic fluid were higher for newborns after IOL. Moreover, we examined some maternal and fetal morbidities among Nippita groups. As one would anticipate, groups 7, 8, and 9 have the highest rates of such morbidities.Table 4Selected Maternal And Neonatal OutcomesOutcomes\*No IOL (n=13,754)\
N (%)IOL (n=8290)\
N (%)P-valueBlood transfusion Yes115 (0.84)66 (0.81)NS\*\* No13,615 (99.1)8219 (99.1)) Missing24 (0.2)5 (0.06)Hysterectomy Yes17 (0.12)9 (0.11)\<0.05 No13,703 (99.6)8273 (99.8)ICU admission Yes88 (0.63)22 (0.27)\<0.05 No13,614 (99.1)8256 (99.6) Missing52 (0.4)12 (0.1)First stage duration 0--6 hrs11,495 (83.6)6247 (75.4)\<0.05 7--12 hrs1659 (12.1)1533 (18.5) \>12 hrs600 (4.4)510 (6.2)Episiotomy Yes3287 (23.9)1942 (23.4)\<0.05 No9018 (65.6)6091 (73.5) Missing1449 (10.5)257 (3.1)Perineal laceration Intact7270 (52.9)4873 (58.8)\<0.05 Laceration3754 (27.3)1992 (24.0) Missing2730 (19.8)1425 (17.2)Emergency CS Yes2505 (18.2)538 (6.5)\<0.05 No10,985 (79.9)7659 (92.4) Missing264 (1.9)93 (1.1)Apgar Score at 5 mins 0163 (1.2)108 (1.3)\<0.05\*\*\* 1--71033 (7.5)395 (4.8) 8--1012,549 (91.2)7786 (93.9)Apgar Score at 10 mins 0166 (1.2)112 (1.4)\<0.05 1--7243 (1.8)71 (0.91) 8--1013,335 (97.1)8106 (97.8) Missing10 (0.1)1 (0.01)Birth weight ≤2599gm1534 (11.2)758 (9.1)\<0.05\*\*\* 2600--3850gm10,769 (78.3)6763 (81.6) \>3850gm1358 (9.9)736 (8.9) Missing93 (0.7)33 (0.4)NICU admission Yes943 (6.9)335 (4.0)\<0.05 No12,581 (91.5)7905 (95.4) Missing230 (1.7)50 (0.6)Meconium stained Yes340 (2.5)426 (5.1)\<0.05 No10,916 (79.4)7587 (91.5) Missing2498 (18.2)277 (3.3)[^3]

Discussion {#S0004}
==========

Our study demonstrated that 24.8% of the singleton pregnancies had IOL. The rate in the WB was more than three-folds higher than that in Gaza. The overall rate for IOL in this study, and particularly, the IOL rate in the WB is much higher than rates previously recommended by the WHO, which suggest that these should not exceed 10% in any region.[@CIT0001],[@CIT0021] Compared with the IOL rates reported in the WHO multi-country study; the overall rate in our study was higher than those reported from Algeria (6.8%), India (12.8%), and Japan (19.0%) but lower than Sri Lanka (35.5%).[@CIT0008] The most established reason for IOL is prolonged pregnancy. According to Olesen et al, only 5--10% pregnant women will continue their pregnancy till 42 weeks or beyond.[@CIT0022] Most women in our study were induced before reaching 41 weeks' gestation which seems to be at odds with recommended evidence.[@CIT0001],[@CIT0005] However, our results are similar to the findings of an audit of IOL practices involving 20,439 births in 3 Australian hospitals which also used the Nippita IOL categorization. The Australian audit reported an IOL rate of 24.7% with variations observed among hospitals. The proportion of singleton cephalic pregnancies induced between 37 and 38 weeks' gestation was high for both nulliparous (38.8%) and multiparous groups (30.2%), albeit, higher than rates of similar groups in our study.[@CIT0023]

Despite the presence of clear and evidence-based guidelines for IOL in Palestine at the time of this study,[@CIT0015] variations were still observed in the contribution of the different Nippita groups to the IOL cohorts within the different participating units and regions. Our findings concur with observations made by other investigators.[@CIT0024] Indeed, these variations have been reported to be happening at individual professional,[@CIT0025] hospital,[@CIT0023] regional,[@CIT0024],[@CIT0026] and country[@CIT0008] levels. Variations in clinical practice are common in obstetrics, yet problematic and can lead to errors.[@CIT0027] They can add unnecessary cost to the health system, affect the quality of care, and may increase morbidity among women and newborns during childbirth.[@CIT0013] Indeed, early hospital admission, for a non-clinically indicated IOL in this case, might increase a woman's risk for further medical interventions,[@CIT0003] neonatal morbidity, and cost to the Palestinian health system.

We did not explore the reasons for these variations; therefore, we can only speculate that such variation could be attributed to several factors such as perceived lack of strong evidence, differences in knowledge level among physicians, lack of adherence to the clinical guidelines, and differences in resource availability between the two studied regions where Gaza has several resource constraints.

In spite of our relatively large sample size, we look cautiously to the outcomes of IOL in our cohort as estimates of outcomes can be confounded by several aspects including the indication for induction, maternal medical history, fetal condition, and intrapartum management. Hence, some authors suggest that IOL outcomes are examined against expectant women who were managed within the same gestational week and not with women who had spontaneous labor as in our study.[@CIT0028],[@CIT0029] Recently, the ARRIVE trial compared the elective IOL at 39 weeks to expectant management of labor among healthy low-risk nulliparous women. It is worth noting that although the study suggested that IOL at 39th week of pregnancy resulted in fewer cesarean rates and no significant difference in perinatal mortality and severe perinatal morbidity, only 27% (6106 out of 22,533) of women agreed to participate. This reflects that elective IOL is not something desired by women.[@CIT0011]

Strengths And Limitations {#S0005}
=========================

A major strength of this study is the large number of births that were prospectively included, which enabled us, for the first time, to highlight detailed aspects of the actual IOL practice in Palestine. Nonetheless, our study had some limitations. First, the missing information relating to indications of induction did not enable us to undertake a comprehensive analysis of this aspect. Second, data on favorability of the cervix were not collected, which, if available, could have provided better understanding of the decision to undertake an induction and the choice of method to do so.

Information relating to IOL indication was missing in nearly two-thirds of participants (5114; 65.5%), hindering our ability to undertake a meaningful analysis of this aspect. Although post-term pregnancy was the most commonly documented indication, the majority of women were induced before reaching 41 weeks' gestation. Given that the attending midwife or physician had the responsibility to complete the intrapartum registration forms, it is not clear why the fields related to IOL, where applicable, were not completed. It is possible that the missing data is a reflection of unclear documentation in the woman's pregnancy records of the reason why she was booked for IOL by the physician when the procedure was decided or the possibility that women with missing indication could have been induced for a reason that is not in line with the local evidence-based policy. Although lack of documented reason for induction has been demonstrated in several studies, the rate we report is higher than those reported from South America (44%),[@CIT0030] Australia (16.1%),[@CIT0031] and the United States (7.9%).[@CIT0009] However, it is important to note that some of these studies categorized women with no documented reason for induction as elective (no medical indication) inductions.[@CIT0008],[@CIT0009],[@CIT0030] Effective and efficient use of available resources and ensuring safe childbirth practices for optimal outcomes are crucial for any health service and indeed, for a country with limited resources like Palestine. IOL is an invasive and costly procedure that could be associated with complications and adverse outcomes, nonetheless, it is reported that sometimes women undergo such procedure without sufficient information.[@CIT0032] It is imperative that such procedure should only be performed if there is a clear medical indication and the woman's informed consent.

Conclusions {#S0006}
===========

Of the two Palestinian regions we studied, IOL seems to be an overused policy in the WB and frequently performed at or before 40 weeks' gestation in both regions. There were clear variations in practice among participating units and regions. These variations may reflect lack of implementation of national IOL guidelines. This study is a crucial initial step to inform quality improvement interventions aimed at closing the gap between evidence and practice with regards to IOL in Palestine. A comprehensive understanding of IOL practice within a low-income setting like the Palestinian context would require future studies that aim to compare the outcomes of IOL while considering expectant management of women, indications for IOL and the health-care cost of the utilized IOL methods.

Implications For Clinical Practice {#S0007}
==================================

Clinical guidelines serve as a tool to guide and standardize clinical practice and minimize variations among clinicians.[@CIT0027] Moreover, standardization of clinical care improves patient outcomes, increases quality, reduces variation, decreases cost, and reduces medico-legal liability.[@CIT0027] The clinical obstetric guidelines in Palestine were developed by obstetricians and midwives and recommend that: "If no pregnancy complications exist, review at 40 weeks and offer membrane sweeping. If sweeping does not induce labor, appropriate fetal surveillance should continue until 40 weeks +7 days when other IOL method should be commenced.[@CIT0015]"

Our analysis sheds light on the current actual practice of IOL in Palestine. We believe that a national obstetric clinical audit program should be introduced and mandated to monitor guidelines adherence and relate these to clinical indicators and outcomes.
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[^1]: **Notes:** ^a^Multiple pregnancies not included in this cohort. ^b^Eighty-nine women were excluded from this analysis because of missing data about gestational age or presentation.

[^2]: **Note:** ^a^Multiple pregnancies not included in this cohort.

[^3]: **Notes:** \*Women recorded to be admitted in spontaneous labor; \*\*Not significant; \*\*\*Linear-by-linear.
